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S. I. 
P r o f e s s o r  

S u m m a r y  

Experimental studics o i  the myocardium {vith the use o i  morpholoqiral. histochemicai 
nd hiatoenzvmochemicai methods in 5 control and 3j: esperimenral dogs. which dur ing 

:.?e period oi' 1-3 years received enteropcnously sodium Iiichrcmate in doscs oi t. 3. 3. 
0 m p  per I '.a oi body xeight.  were carried out. The studies showed that prolonged 

7eroral intake oi Sirhrotnate in small .doses ( I  ing-kp) brought about a total decrease oi 
- ie  glycogen level. iocd inhibition 01 thc activity 01 reduction-oxidation and hydrolytic 
nzyrnes. a drop in the cantent oi SH-groiipr and in that oi ascorbic acid. without noti- 
cable histological changes. \Vilh the dose oi IO  mg!lig there .were noticed. against the 
lackground a i  parcnchyniatous dystrophy. 3 drs i r ic  dccrcnsa in  the glycogen content not 

, t n l v  in the contractile myocardir;m. bu t  in Purkinje iibres 3s ~ ~ 1 1 .  more cxprcssed. inhi- 
':ibiIion o i  the cnzvmcs under  study. I t  the same t ime a high content o i  acid phosphatase 

nd RS.4 in the bi&oqenic cieincnr  o i  thc ctronia and  B high activity oi monoaminoxidase 
if the muscular iihres w r e  also noted. The damage  oi . thc  blood vcsseis may account ior 
-hc  absence oi a iull thcrspeutic ciiect o i  iinitiol and lor the proercssing o i  pathological 
hanqes in organs ai ter  the discontinuance oi the contact c i t h  chrome in chronic chromic 
7KOXiCaliOn. 

C l i n i c a l  s t u d i e s  have demonstrated t h a t  t h e  ca rd iovascu la r  system s u f f e r s  

f requen t  damage in persons who have con tac t  w i t h  t h e  chromium salts (L. N. 

Belyaefa, A. M. K le ine r  e t  a l . ,  T. A. Shakirov,  Gafa fe r ) .  The results of  

numerous exper imental  s t u d i e s  demonstrated t h e  marked f u n c t i o n a l  and morpho- 

l o g i c a l  dev ia t ions  of t h e  h e a r t  fo l lowing  exposure t o  t h e  chromium compounds 

(Ya.  M. Grushko; E. F. Faidysh,  V. P. Ershov, V. P. Ershov and V. A. 

Fedorova, A. M. Kryshtab; F r i t z  e t  a l . )  . 
Most of t h e  publ ished s t u d i e s  on myocardial t o x i c i t y  i n  chromium poison- 

i n g  are l i m i t e d  t o  d e s c r i p t i o n s  o f  t h e  h i s t o l o g i c a l  changes i n  t h e  myocardium; 

some of t h e  i n d i v i d u a l  s t u d i e s  r e p o r t  on t h e  amount o f  glycogen, RNA and 

a s c o r b i c  a c i d  (V. A. Y a g l i n s k i i  and A. M. Shabanov, M. G. Spasskaya e t  a l . ,  

S. N. Gordina and V. A. Y a g l i n s k i i )  . However, t h e  more d e t a i l e d  and 
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pronounced biochemical  changes a t  t h e  c e l l u l a r  and t i s s u e  level s t i l l  

remain l i t t l e  s t u d i e d  i n  chromium t o x i c i t y .  In  v i e w  of  t h e s e  d e f i c i-  

encies, w e  decided t o  s t u d y  t h e  cond i t ion  of  t h e  myocardium a f t e r  prolonged 

oral  a d m i n i s t r a t i o n  of v a r i o u s  doses of  sodium bichromate i n  an aqueous 

s o l u t i o n ,  and t o  app ly  v a r i o u s  his tochemical  and histoenzymological  methods. 

The material f o r  t h e  s t u d y  c o n s i s t e d  of t h e  h e a r t s  of  58 exper imental  

and f i v e  c o n t r o l  dogs of  bo th  sexes  between one and two y e a r s  o f  age and 

weighing between 1 0  and 15 kg. All t h e  animals were d iv ided  i n t o  f o u r  

groups. 

bichromate i n  amounts of  1, 3, 5 and 10 mg/kg f o r  1, 1.5,  2 and 3 y e a r s  

(a t o t a l  o f  48 dogs, t h r e e  dogs t e s t e d  f o r  each t i m e  p e r i o d ) .  

Group one inc luded  t h e  animals who were given o r a l  doses o f  sodium 

I n  t h e  

animals of t h e  second group, we s t u d i e d  t h e  r e v e r s i b l e  changes one y e a r  

a f t e r  s topp ing  t h e  a d m i n i s t r a t i o n  of  chromium. Th is  group c o n s i s t e d  o f  

f i v e  dogs given d a i l y ,  i n c r e a s i n g  doses of sodium bichromate f o r  two years  

(I mg/kg f o r  s i x  months; 3 mg/kg f o r  one y e a r ;  5 mg/kg f o r  s i x  months). 

In t h e  animals o f  t h e  t h i r d  group ( f i v e  dogs) ,  we s t u d i e d  t h e  organs  a f t e r  

two ye_ars of t o x i c i t y  w i t h  bichromate i n  doses of  10 mg/kg and a 15 day 

course  of de tox i fy ing  therapy c o n s i s t i n g  of  u n i t h i o l .  The f o u r t h  group 

( c o n t r o l s )  c o n s i s t e d  of  f i v e  dogs, mainta ined under i d e n t i c a l  cond i t ions  

t o  t h o s e o f  t h e  exper imental  animals and observed a long  wi th  t h e  l a t t e r .  

The animals were s a c r i f i c e d  by blood l e t t i n g  from t h e  cervical artery a f t e r  

be ing  given a s tunn ing  blow. From t h e  r i g h t  and l e f t  v e n t r i c l e  o f  t h e  

b e a t i n g  h e a r t ,  we cut  out  fragments some o f  which were immediately immersed 

and f i x e d  i n  Shabadash and Carnua s t a i n s .  

enzymological s t u d i e s ,  the  s e c t i o n s  having a th ickness  o f  10 microns were 

prepared i n  a c r y o s t a t .  In t h e  f r e s h l y  f rozen  s e c t i o n ,  we  determined 

cytochrome oxidase  us ing  t h e  method by G r e f f ,  s u c c i n a t e  dehydrogenase 

For t h e  h i s t o l o g i c a l  and 
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us ing  t h e  methods by Nakhlas and L i l l y ,  NAD-diaphorase us ing  t h e  method 

by S c a r p e l l i ,  Gess, Pears ,  mmoamine oxidase  us ing t h e  method by Glenner 

w i t h  ni t ro- T e l e c t r o n  accep tors .  In  t h e  s e c t i o n s  f i x e d  i n  co ld  formal in  

and calcium mixtures (Erenke),  we  determined t h e  a c t i v i t y  of  a l k a l i n e  and 

a c i d  phosphatase us ing t h e  method by Gomor, adenosine t r i p h o s p h a t a s e  

(ATP-ase) us ing  t h e  method by Wachstein and Meisel, a c e t y l  c h o l i n e s t e r a s e  

us ing  t h e  method by Koel le  and L i p i d  Sudan I11 + I V  and Sudan b lack  B.  

For t h e  a s c o r b i c  a c i d ,  t h e  material w a s  processed according t o  t h e  Ciroud 

and Leblond method. The p a r a f f i n  s e c t i o n s  were s t a i n e d  by t h e  Shabadash 

method f o r  glycogen, t h e  Bariett and Seligman method f o r  t h e  s u l f h y d r y l  

groups (SH-groups), t h e  Brash method f o r  RNA, t h e  Stidmen a l c i a n  b l u e  

method and f o r  c o l l o i d a l  i ron,  t h e  Hale method on a c i d  mucopolyssacharides, 

were used as w e l l  as hematoxylin e o s i n  and p i c r o f u c h s i n .  

methods were those  of  A. L. Shabadash, P i e r s e ,  Bers ton,  L i l l y  and Kisel. 

I n  t h e  i n t a c t  animals ,  t h e  myocardium conta ined a s i g n i f i c a n t  amount 

The h i s tochemica l  

o f  glycogen, SH groups, s u c c i n a t e  dehydrogenase, cytochrome oxidase  

and NAD-diaphorase , moderate monoamine oxidase  a c t i v i t y  and a c i d  phosphatase 

and s i i g h t  pyron inophi l i a .  

i n  t h e  c a p i l l a r y  endothelium. 

and c a p i l l a r i e s  w a s  good as w a s  a c e t y l c h o l i n e s t e r a s e  i n  t h e  nerve  f i b e r s  

and i n  t h e  Purk in je  f i b e r s .  

The a c t i v i t y  of  a l k a l i n e  phosphatase w a s  good 

ATPase a c t i v i t y  in t h e  walls o f  t h e  a r t e r i o l e s  

One t o  two y e a r s  a f t e r  t h e  s ta r t  o f  t h e  bichromate t o x i c i t y  in a dose 

of  1 mg/kg, no his tochemical  changes were d e t e c t e d .  

SH groups and a s c o r b i c  a c i d  i n  t h e  muscle f i b e r s  w a s  reduced. 

of bichromate a d m i n i s t r a t i o n  produced morphologically th icken ing  o f  t h e  

c a p i l l a r y  w a l l s ,  and i n  t h e  a r t e r i o l e s  and arteries of  moderate diameter.  

In some o f  t h e s e ,  w e  found a p r o l i f e r a t i o n  o f  t h e  e n d o t h e l i a l  and 

The amount o f  glycogen, 

Three y e a r s  
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a d v e n t i t i a l  ce l ls ,  a moderate growth around t h e  vessels o f  t h e  f i b r i l l a r  

connective t i s s u e .  In t h e  i n d i v i d u a l  f i e l d s  o f  v i s i o n ,  w e  found s i tes  o f  

myofibros is  w i t h  a t rophy  o f  t h e  muscle f i b e r s ,  a th icken ing  of  t h e  con- 

n e c t i v e  t i s s u e  i n  t h e  endomysium and perimysium, and i n  t h e  sarcolemma. 

The t o t a l  decrease  i n  t h e  glycogen level (Figure  1) and i n  a s c o r b i c  a c i d  

w a s  accompanied by l o c a l  r educ t ions  of  t h e  SH-groups, cytochrome oxidase  

and s u c c i n a t e  dehydrogenase i n  t h e  parenchyma (Figure  2 ) .  The a c t i v i t y  o f  

a c e t y l c h o l i n e s t e r a s e ,  a l k a l i n e  phosphatase and ATP-ase w a s  markedly mre 

i r r e g u l a r ;  t h e r e  were segments w i t h  low a c t i v i t y  a s s o c i a t e d  wi th  fragments 

having e l e v a t e d  and d i f f u s e  s t a i n i n g  of t h e  sarcoplasma (Figure  3 ) .  The 

a c t i v i t y  o f  monoamine oxidase  w a s  g e n e r a l l y  e l e v a t e d ;  only  i n  i n d i v i d u a l  

f i e l d s  d i d  we encounter  small f o c i  with rare depos i t ions  of  formasan 

granules .  In t h e  stroma, t h e  amount of  f i b r o b l a s t s  was i n c r e a s e d  as w a s  

the number of p lasmat ic  ce l l s  wi th  l a r g e  amounts of RNA and ac idphospha tase .  

The amount of  a c i d  mucopolysaccharides w a s  somewhat inc reased  i n  t h e  i n t r a-  

mural blood vessels and i n  t h e i r  surrounding connect ive  t i s s u e .  

In s tudy ing  t h e  myocardium o f  animals given sodium bichromate i n  a 

dose of  3 mg/kg f o r  one y e a r ,  w e  f a i l e d  t o  observe any d e f i n i t e  h i s t o l o g i c a l  

changes. His tochemical ly ,  we found sites showing a decrease  in t h e  amount 

of glycogen and a s c o r b i c  a c i d  i n  t h e  muscle f i b e r s  o f  t h e  middle and sub- 

e p i c a r d i a l  zones. A f t e r  two and e s p e c i a l l y  a f t e r  t h r e e  y e a r s ,  w e  no ted  

a d e f i n i t e  th icken ing  i n  t h e  b a s a l  membrane of  t h e  c a p i l l a r i e s ,  moderate 

s c l e r o s i s  o f  t h e  a r t e r i o l e s  and p e r i v a s c u l a r  connect ive  t i s s u e .  A t  t h e  

same t i m e ,  t h e r e  was a t o t a l  r educ t ion  i n  t h e  amunt of  glycogen and 

ascorb ic  a c i d  i n  t h e  muscle f i b e r s  combined wi th  a segmentary decrease  i n  

t h e  SH-groups , s u c c i n a t e  dehydrogenase , cytochrome ox idase ,  NAD-diaphorase ; 

t h e  a c t i v i t y  o f  a l k a l i n e  phosphatase and ATP-ase i n  t h e  c a p i l l a r y  w a l l s  

w a s  markedly more i r r e g u l a r  than i n  c o n t r o l s .  

-4 - 



. '.. . . . . .. . 
. _ . .  Gb 

L.. ' 

Figure  1. Marked decrease  of  glycogen in t h e  muscle f i b e r s  w i t h  t h e  
p r e s e r v a t i o n  of  c r o s s  s t r i a t i o n s  dur ing  t h e  d a i l y  o r a l  a d m i n i s t r a t i o n  o f  
sodium bichromate f o r  t h r e e  y e a r s .  PAS r e a c t i o n  X 400. 

Figure  2 .  Foci  o f  reduced s u c c i n a t e  dehydrogenase a c t i v i t y  i n  t h e  
muscle f i b e r s  wi th  a depos i t ion  o f  non- oriented conso l ida ted  g ranu les  o f  
formasan dur ing t h e  a d m i n i s t r a t i o n  of  sodium bichromate f o r  two y e a r s .  
Nakhlas method wi th  nitro-ST X 400. 

Figure  3. I r r e g u l a r  a c t i v i t y  o f  a l k a l i n e  phosphatase i n  t h e  c a p i l-  
lary w a l l s  w i t h  d i f f u s i o n  i n t o  t h e  muscle f i b e r s  a f t e r  t h r e e  y e a r s  of  
sodium bichromate a d m i n i s t r a t i o n .  &mor's r e a c t i o n  X 400. 

Figure  4 .  I r r e g u l a r  a c t i v i t y  o f  ATPase i n  t h e  c a p i l l a r y  w a l l s  wi th  
a segmentary disappearance a f te r  two y e a r s  o f  sodium bichromate adminis-  
t r a t i o n .  Wachstein and Meisel method X 400. 
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As i n  t h e  animals of t h e  p rev ious ly  d iscussed  group, when a 5 mg/kg 

dose of  sodium bichromate w a s  adminis tered  f o r  one y e a r ,  no marked 

morphological changes were found. Histochemical  examinations only  

revealed  a s i g n i f i c a n t  decrease i n  t h e  amount of  glycogen and SH groups 

i n  t h e  muscle f i b e r s .  After t h r e e  y e a r s ,  we  observed small f o c i  o f  

myof ibros is ,  a segmentary th icken ing  o f  t h e  b a s a l  membrane o f  t h e  c a p i l-  

lar ies  i n  a r t e r i o l a r  s c l e r o s i s .  The muscle f i b e r s  were reduced i n  t h e s e  

p o r t i o n s  (see Figure  3) while  t h e  amount of a s c o r b i c  a c i d  was inc reased  

i n  the  vascular walls.  An i n h i b i t i o n  i n  t h e  t o t a l  a c t i v i t y  o f  a c e t y l-  

c h o l i n e s t e r a s e  w a s  a s s o c i a t e d  wi th  normal a c t i v i t y  o f  monoamine oxidase .  

The a c t i v i t y  of t h e  o x i d a t i v e  r educ t ion  enzymes genera l ly  remained h igh 

and only  i n  some si tes  did  we encounter  small f o c i  of  o x i d a t i v e  reduct ion  

i n h i b i t i o n .  The a c t i v i t y  of  a l k a l i n e  phosphatase i n  t h e  c a p i l l a r y  w a l l s  

w a s  i r r e g u l a r  (Figure  4 )  and t h e  a c i d  phosphatase w a s  i r r e g u l a r l y  d i s-  

t r i b u t e d  i n  t h e  muscle f i b e r s  be ing  somewhat h i g h e r  i n  the  s t romal  

h i s t i o c y t e s ,  as w a s  a l s o  t h e  amount o f  RNA (Figure  5) .  

Figure 5 .  

Marked i r r e g u l a r  a c t i v i t y  of  a c i d  phosphatase 
i n  t h e  muscle f i b e r s  a f t e r  two yea r s  o f  
t o x i c i t y  wi th  sodium bichromate. Gomor's 
r e a c t i o n  X 250. 
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In t h e  animals given a 10  mg/kg dose o f  sodium bichromate,  t h e  

myocardium conta ined more marked h i s t o l o g i c a l  and h i s tochemica l  changes 

than  i n  t h e  animals o f  t h e  previous  groups. The dogs s a c r i f i c e d  a f t e r  

1, 1.5 and 2 y e a r s  showed g r a n u l a r  dystrophy o f  t h e  myocardium. In t h e  

per i- nuclear  zones of t h e  muscle f i b e r s ,  w e  found f i b e r  g ranu les  having 

an a f f i n i t y  f o r  Sudan dye (Sudan Black B ) .  The amount o f  glycogen i n  

t h e  muscle f i b e r s  of t h e  myocardium w a s  markedly reduced, e s p e c i a l l y  i n  

dogs s a c r i f i c e d  a f t e r  two y e a r s .  In t h e  la t te r  animals ,  t h e r e  w a s  a 

d e p l e t i o n  of  glycogen i n  t h e  Purk in je  f i b e r s .  Glycogen w a s  p r e s e n t  i n  t h e  

sarcolemma i n  t h e  form o f  small linear accumulations of  t h e  smallest: 

g ranu les .  In many o f  t h e  c a p i l l a r y  l o o p s ,  t h e r e  w a s  i n h i b i t i o n  o f  ATPase 

and a l k a l i n e  phosphatase. 

d e f i n i t e  r educ t ion  i n  t h e  amount o f  SH groups and a s c o r b i c  a c i d  i n  t h e  

muscle f i b e r s .  The a c t i v i t y  of a c e t y l c h o l i n e s t e r a s e  w a s  d e f i n i t e l y  

i n h i b i t e d  i n  a l l  t h e  c h o l i n e r g i c  s t r u c t u r e s  a f te r  one,  and e s p e c i a l l y  

a f te r  two y e a r s ,  whi le  a t  t h e  same t i m e ,  t h e  a c t i v i t y  o f  monoamine 

oxidase  showed no p a r t i c u l a r  change. As f o r  t h e  cytochrome ox idase ,  

s u c c i n a t e  dehydrogenase and NAD-diaphorase , we observed a genera l  decrease  

i n  t h e i r  a c t i v i t y  w i t h  small si tes  of s i g n i f i c a n t  i n h i b i t i o n  and d i s o r d e r s  

i n  t h e  o r i e n t a t i o n  of  t h e  para l le l  myof ib r i l s .  

I n  t h e  animals  o f  t h i s  group, t h e r e  w a s  a 

In t h e  animals given sodium bichromate for a two-year p e r i o d  i n  

i n c r e a s i n g  doses (one mg/kg f o r  s i x  months; 3 mg/kg for one y e a r ;  5 mg/kg 

f o r  s i x  months; f o r  a t o t a l  o f  2 g  and 150 cEg) and s a c r i f i c e d  1 year  a f t e r  

t h e  i n t r o d u c t i o n  of  t h e  metal w a s  s topped (second group),  in t h e  myocardium 

we found f o c i  of a t rophy and dys t roph ic  processes  a g a i n s t  a background o f  

moderately ev iden t  myofibros is  and s c l e r o s i s  o f  t h e  small branch o f  t h e  
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coronary a r t e r y .  The muscle f i b e r s  conta ined a d e f i n i t e  r educ t ion  i n  

t h e  SH groups, glycogen and ascorb ic  a c i d ;  t h e  a c t i v i t y  of  t h e  o x i d a t i v e  

r educ t ion  enzymes w a s  reduced i n  some s i tes .  

In t h e  animals of  t h e  t h i r d  group sub jec ted  t o  chronic  chromium 

t o x i c i t y  f o r  two y e a r s  and given doses o f  10 mg/kg wi th  a subsequent 1 5  

day courses of  therapy wi th  u n i t h i o l  (10 mg/kg), we found (by us ing  Sudan 

Black B) f o c i  of  parenchymatous dystrophy i n  t h e  muscle f i b e r s  wi th  

d e p o s i t s  of  small d r o p l e t s  of  l i p i d s .  In  t h e s e  segments, t h e  amount of  

a l l  t h e  s t u d i e d  enzymes w a s  reduced. In t h e  c a p i l l a r y  w a l l s ,  t h e r e  w a s  

a s l i g h t  i n c r e a s e  i n  t h e  a c t i v i t y  of ATPase. 

I n  t h e  animals  of  t h e  va r ious  groups,  a t  d i f f e r e n t  pe r iods  ( f i r s t  

2 c a s e s ;  3 mg/kg, 2 and 3 y e a r s ;  one c a s e ;  group: 

5 mg/kg, 3 y e a r s  - 2 cases ;  10  mg/kg, 2 y e a r s  - 2 c a s e s ;  second group: 

3 cases ;  t h i r d  group: 2 c a s e s ) ,  w e  found wi th in  t h e  in t r amura l  a r t e r i e s  

of t h e  h e a r t  “kidney- like’’ growths o f  t h e  e n d o t h e l i a l  c e l l s  and segments 

wi th  concen t r i c  o r  lamellar s c l e r o t i c  th i cken ings  o f  t h e  in t ima  (Figure  6 ) .  

1 mg/kg; t h r e e  y e a r s  - 

Figure 6.  Lamellar th ickenings  o f  t h e  v a s c u l a r  in t ima  i n  dogs, 
adminis tered  sodium bichromate i n  i n c r e a s i n g  doses: 
3 mg/kg f o r  one yea r ;  5 mg/kg f o r  s i x  months ( t o t a l  of two grams and 
160 mg). 

1 mg/kg f o r  s i x  months; 

S ta ined wi th  hematoxylin eoxin X 400. 
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Thus, i n  t h e  myocardium o f  dogs given o r a l  chronic  a d m i n i s t r a t i o n  

of  small, moderate and t o x i c  doses o f  sodium bichromate,  w e  found cer- 

t a i n  h i s t o l o g i c a l  and h i s tochemica l  changes. These changes are i n d i c a t i v e  

of  f o c a l  d i s o r d e r s  i n  t h e  metabol ic  p rocesses  i n  t h e  v a r i o u s  groups o f  

muscle f i b e r s ,  dur ing  t h e  course  of  i n d i v i d u a l  h i s tochemica l  changes 

l e a d i n g  t o  t h e  development o f  h i s t o l o g i c a l  m d i f i c a t i o n s .  

It is p o s s i b l e  t h a t  t h e  t o x i c  a c t i v i t y  of bichromate af ter  prolonged 

a d m i n i s t r a t i o n  is r e l a t e d  t o  i t s  d i r e c t  e f f e c t s  on t h e  myocardial parenchyma 

dur ing  t h e  e a r l y  s t a g e s  o f  t o x i c i t y  and depends on i ts  a s s o c i a t i o n  w i t h  

a v a s c u l a r  component (hypoxia) a t  a l a t e r  s t a g e .  

Shabanov and L. M. Pamurzin demonstrated an accumulation o f  chromium in 

t h e  c a r d i a c  t i s s u e  a f t e r  exper imental  burns  on t h e  s k i n  wi th  bichromate.  

The vascular damage can b e  exp la ined  by t h e  f ac t ,  t h a t  s topp ing  t h e  

bichromate a d m i n i s t r a t i o n  o r  subsequent therapy w i t h  u n i t h i o l  f a i l e d  t o  

produce complete normal recovery of  t h e  myocardium a f t e r  chron ic  t o x i c i t y  

w i t h  sodium bichromate i n  moderate and t o x i c  doses.  L. N. Belyaeva no ted  

t h e  p o s s i b i l i t y  of  p rogress ive  p a t h o l o g i c a l  changes i n  t h e  organs a f t e r  

t h e  d i s c o n t i n u a t i o n  o f  c o n t a c t  w i t h  chromium. 

The s t u d i e s  by 0. M. 

- 

The prolonged a d m i n i s t r a t i o n  of bichromate i n  a dose o f  10  mg/kg 

produced a marked reduc t ion  i n  glycogen n o t  only  i n  t h e  c o n t r a c t i l e  

myocardium b u t  a l s o  i n  t h e  Purk in je  f i b e r s ,  where t h e  r e l a t i v e l y  s t a b l e  

amount o f  polysacchar ide  can be  i n d i c a t i v e  of  t h e  t o x i c  a c t i v i t y  o f  

bichromate as w e l l  as myocardial  hypoxia w i t h  inc reased  g l y c o l y s i s .  The 

d i f f u s e  r e a c t i o n  of  a l k a l i n e  phosphatase around t h e  vascular c a p i l l a r i e s  

and i t s  f o c a l  d i s t r i b u t i o n  i n  t h e  muscle f i b e r s ,  and i r r e g u l a r  d i s t r i b u t i o n  

of  t h e  a c i d  mucopolysaccharides i n  t h e  b a s a l  membranes of  t h e  c a p i l l a r i e s  

and t h e  segmentary decrease  i n  t h e  a c t i v i t y  o f  ATPase i n  t h e  l a t t e r  are 
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i n d i c a t i v e  o f  d i s o r d e r s  i n  t h e  pe rmeab i l i ty  of t h e  i n t r a m u r a l  w a l l s  o f  

t h e  c a r d i a c  vessels. The accumulation o f  RNA i n  t h e  cytoplasm o f  t h e  

e p i t h e l i a l  and p lasmat ic  ce l l s ,  f i b r o b l a s t s  and c a p i l l a r y  endothelium 

and t h e  inc reased  a c t i v i t y  of  a c i d  phosphatase demonstrate i r r i t a t i o n  

t o  t h e  mesenchyma and an e l e v a t i o n  of  t h e  metabolic and s y n t h e s i z i n g  

processes .  

The e l e v a t e d  ac t iv i ty  o f  monoamine oxidase  can be  expla ined by an 

i n c r e a s e  i n  t h e  metabolism of b iogen ic  amines i n  t h e  myocardium ( e p h e p h r i n e ,  nor- 

epinephr ine ,  dopamine, .etc.>, which appear  t o  be  s u b s t r a t e s  of  monamine 

oxidase .  The a c t i v i t y  o f  a c e t y l c h o l i n e s t e r a s e ,  i n  response t o  t h e  metab- 

ol i sm of  t h e  parasympathetic mediator a c e t y l c h o l i n e ,  w a s  i n h i b i t e d  i n  

t h e  ne rve  f i b e r s ,  and i n  t h e  conducting f i b e r s  o f  t h e  h e a r t  and  i n  t h e  

muscle f i b e r s  dur ing  t h e  chron ic  a d m i n i s t r a t i o n  of  small , moderate, l a r g e  , 

and t o x i c  doses of  bichromate.  These f i n d i n g s  agree  wi th  t h e  pharmaco- 

l o g i c a l  and phys io log ica l  s t u d i e s  (V. M. Sennikov and M. K. Naumova) on 

t h e  b a s i s  o f  which t h e  hypothes i s  r egard ing  t h e  "m- and n-cholinomimetic" 

mechanism of  a c t i v i t y  o f  hexavalent  chromium i n  t h e  body, w a s  proposed. 
* 

RESULTS 

1. Histochemical  s t u d i e s  demonstrated s l i g h t  biochemical  changes i n  

t h e  myocardium l e a d i n g  t o  t h e  development of  h i s t o l o g i c a l  modi f i ca t ions  

a f t e r  t h e  o r a l  a d m i n i s t r a t i o n  of  sodium bichromate i n  v a r i o u s  doses 

(1, 3,  5 and 10 mg/kg). 

2 .  The pa thogene t ic  e f f e c t s  o f  sodium bichromate on t h e  h e a r t  a f t e r  

prolonged a d m i n i s t r a t i o n  t o  t h e  organism are r e l a t e d  n o t  only  t o  i t s  d i r e c t  

e f f e c t s  on t h e  myocardial parenchyma bu t  a l s o  are c a r r i e d  o u t  v i a  t h e  

v a s c u l a r  system. 
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3. The f o c a l  reduc t ion  i n  t h e  a c t i v i t y  of  o x i d a t i v e  reduc t ion  

enzymes and h y d r o l y t i c  enzymes i n  t h e  myocardium, t h e  i n h i b i t i o n  of  

cho l ines t e r a se  dur ing  e l e v a t e d  a c t i v i t y  of  monoamine oxidase ,  t h e  

decrease o f  glycogen i n  t h e  c o n t r a c t i l e  myocardium and i n  t h e  Purk in je  

f i b e r s  may be  b a s i c a l l y  r e l a t e d  t o  t h e  f u n c t i o n a l  dev ia t i ons  i n  t h e  

card iovascula r  system observed i n  workers during chronic  poisoning wi th  

chromium. 
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